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(57) ABSTRACT 

Aplurality of bit lines are divided into a plurality of groups 
each including Y (Y: integer of at least tWo) bit lines. Y data 
read data lines passing a data read current therethrough in 
data reading are provided along With Y connection control 
parts electrically coupling Y bit lines and the Y read data 
lines With each other every group. Therefore, the connection 
control parts electrically connected With the Y read data lines 
are uniformly divided so that parasitic capacitance applied to 
the read data lines following electrical connection With the 
connection control parts can be suppressed. Therefore, the 
time for charging the read data lines to a prescribed voltage 
level can be reduced for executing high-speed data reading. 
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THIN-FILM MAGNETIC MEMORY DEVICE 
SUPPRESSING PARASITIC CAPACITANCE 
APPLIED TO DATA LINE OR THE LIKE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a thin-?lm magnetic 

memory device, and more speci?cally, it relates to a random 
access thin-?lm magnetic memory device comprising 
memory cells each having a magnetic tunnel junction 
(MTJ). 

2. Description of the Background Art 
A MRAM (magnetic random access memory) device has 

recently been Watched With interest as an advanced non 
volatile semiconductor memory device. The MRAM device 
is a nonvolatile memory device storing data in a plurality of 
thin-?lm magnetic materials formed on a semiconductor 
integrated circuit in a nonvolatile manner, With each thin 
?lm magnetic body accessible at random. In particular, it has 
recently been announced that the performance of the 
MRAM device remarkably progresses When employing 
thin-?lm magnetic bodies utiliZing magnetic tunnel junc 
tions (MTJ) as memory cells. Technical literature such as “A 
10ns Read and Write Non-Volatile Memory Array using a 
Magnetic Tunnel Junction and PET SWitch in each Cell”, 
ISSCC Digest of Technical Papers, TA7.2, February 2000 
discloses such an MRAM device comprising memory cells 
having magnetic tunnel junctions. 
A memory cell (hereinafter referred to also as “MTJ 

memory cell”) having a magnetic tunnel junction, formable 
With an MTJ element and an access element such as a 

transistor, for example, is advantageous also for high inte 
gration. The MT] element has a magnetic layer magnetiZ 
able in a direction responsive to an applied magnetic ?eld, 
and the MT] memory cell stores data through such a 
characteristic that the electric resistance (junction 
resistance) in the MT] element varies With the direction of 
magnetiZation of the magnetic layer. 

In order to read the data stored in the MT] memory cell, 
electric resistance difference responsive to the level of the 
stored data must be detected. More speci?cally, the data is 
read on the basis of a current, varying With the electric 
resistance (i.e., the stored data), passing through the MT] 
memory cell. In general, the MT] element has electric 
resistance of several 10 k9, With electric resistance differ 
ence of about 20 to 30% resulting from difference betWeen 
the levels of stored data. In consideration of the reliability of 
the MT] element, a voltage of about 0.5 V is properly 
applied in data reading and hence the aforementioned pass 
current remains on the order of microamperes (,uA: 10'6 A). 
On the other hand, a large capacity memory array gener 

ally includes a plurality of bit lines provided in correspon 
dence to roWs or columns and a data line, provided in 
common in correspondence to the plurality of bit lines, 
connected to a circuit detecting stored data. In this structure, 
the data line and a selected bit line are charged to a 
prescribed voltage level for supplying a pass current to a 
memory cell in data reading, While the data line is electri 
cally coupled not only to the selected bit line but also to the 
remaining non-selected bit lines through transistors or the 
like. Thus, unignorable parasitic capacitance of the transis 
tors or the like is applied to the data line. 

This parasitic capacitance applied to the data line inhibits 
the charge of the data line etc. to the prescribed level, leading 
to hindrance to high-speed data reading. 
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2 
In the aforementioned structure, further, a circuit is gen 

erally provided every bit line for supplying a data Write 
current responsive to Write data to the selected bit line in 
data Writing, While a signal line or the like is arranged in 
common in correspondence to this circuit for transmitting 
the Write data. 

Also in this structure, the signal line or the like arranged 
in common is electrically coupled not only to a selected 
circuit but also to non-selected circuits. Consequently, uni 
gnorable parasitic capacitance of the non-selected circuits is 
applied to the signal line or the like. The parasitic capaci 
tance applied to the signal line or the like results in propa 
gation delay of the Write data in data Writing, to hinder 
high-speed data Writing. 

SUMMARY OF THE INVENTION 

The present invention has been proposed in order to solve 
the aforementioned problems, and an object thereof is to 
provide a structure of a thin-?lm magnetic memory device 
capable of executing high-speed data reading and high 
speed data Writing by suppressing parasitic capacitance 
applied to a data line and a signal line or the like. transmit 
ting Write data or the like. 

The thin-?lm magnetic memory device according to the 
present invention includes a plurality of memory cells 
arranged in roWs and columns, a plurality of ?rst bit lines, 
X Write data lines transmitting Write data and a plurality of 
?rst Write control circuits. The plurality of memory cells 
magnetically store data. The plurality of ?rst bit lines are 
provided corresponding to the memory cell columns respec 
tively. The plurality of ?rst bit lines are divided into a 
plurality of groups. Each of the plurality of groups includes 
X (X: integer of at least tWo) ?rst bit lines. The plurality of 
?rst Write control circuits are provided corresponding to the 
plurality of ?rst bit lines respectively for supplying a data 
Write current in accordance With the Write data. The X Write 
data lines are electrically coupled With corresponding X ?rst 
Write control circuits respectively in each of groups, respec 
tively. 

In this thin-?lm magnetic memory device, the plurality of 
?rst bit lines are divided into a plurality of groups each 
including X ?rst bit lines. The X Write data lines are 
provided for transmitting the Write data. Each of the X Write 
data lines is electrically coupled With X ?rst Write control 
circuits belonging to each group. According to the present 
invention, the Write control circuits electrically connected 
With the X Write data lines are uniformly divided as here 
inabove described, so that parasitic capacitance applied to 
the Write data lines folloWing electrical connection With the 
Write control circuits can be suppressed. Thus, the propa 
gation time for the Write data transmitted through the Write 
data lines can be reduced for executing high-speed data 
Writing. 

Alternatively, the thin-?lm magnetic memory device 
according to the present invention includes a plurality of 
memory cells arranged in roWs and columns, a plurality of 
?rst bit lines, Y read data lines, Y read circuits, a plurality of 
column selection lines and Y connection control parts. The 
plurality of memory cells magnetically store data. The 
plurality of ?rst bit lines are provided corresponding to the 
memory cell columns respectively. The plurality of ?rst bit 
lines are divided into a plurality of ?rst groups in data 
reading. Each of the plurality of ?rst groups includes Y (Y: 
integer of at least tWo) ?rst bit lines. At least one of the Y 
read data lines is supplied With a current in a state electri 
cally connected With a selected memory cell among the 
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plurality of memory cells selected as a subject for data read 
coupled to a ?rst voltage in data reading. The Y read circuits 
are provided corresponding to the Y read data lines so that 
each read circuit electrically couples the corresponding read 
data line and a second voltage With each other in data 
reading. The Y read circuits generate read data on the basis 
of currents passing through the corresponding read data 
lines. The plurality of column selection lines are provided 
corresponding to the plurality of ?rst groups respectively. A 
plurality of connection control parts are provided corre 
sponding to the plurality of ?rst groups respectively so that 
each connection control part electrically couples the corre 
sponding Y ?rst bit lines and the Y read data lines, 
respectively, in the corresponding ?rst group among the 
plurality of ?rst groups in response to activation of the 
corresponding column selection line. 

In this thin-?lm magnetic memory device, the plurality of 
?rst bit lines are divided into the plurality of ?rst groups 
each including Y ?rst bit lines. The Y read data lines are 
provided so that a data read current passes therethrough in 
data reading. The Y connection control parts are provided for 
electrically coupling the Y ?rst bit lines and the Y read data 
lines With each other every ?rst group. According to the 
present invention, therefore, the connection control parts 
electrically connected With the Y read data lines are uni 
formly divided so that parasitic capacitance applied to the 
read data lines folloWing electrical connection With the 
connection control parts can be suppressed. Thus, a time for 
charging the read data lines to a prescribed voltage level can 
be reduced for executing high-speed data reading. 

The foregoing and other objects, features, aspects and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram shoWing the array structure of 
an MRAM device according to a ?rst embodiment of the 
present invention; 

FIG. 2 is a conceptual diagram illustrating the structure 
and a data storage principle of an MTJ memory cell; 

FIG. 3 is a conceptual diagram shoWing the relation 
betWeen supply of a data Write current to the MT] memory 
cell and directions of magnetiZation of a tunnel magnetic 
resistance element; 

FIG. 4 is a circuit block diagram of bit line drivers; 
FIG. 5 is a circuit diagram shoWing the structure of a 

sense ampli?er; 
FIG. 6 is a timing chart illustrating a data Write operation 

in the MRAM device; 
FIG. 7 is a timing chart illustrating a data read operation 

in the MRAM device; 
FIG. 8 is a circuit diagram shoWing the array structure of 

an MRAM device according to a modi?cation of the ?rst 
embodiment of the present invention; 

FIG. 9 is a circuit diagram shoWing the array structure of 
an MRAM device according to a second embodiment of the 
present invention; 

FIG. 10 is a circuit block diagram of bit line drivers 
according to the second embodiment of the present inven 
tion; 

FIG. 11 is a circuit diagram shoWing the array structure of 
an MRAM device according to a modi?cation of the second 
embodiment of the present invention; and 
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4 
FIG. 12 illustrates an exclusive NOR circuit included in 

a data input circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention are noW described 
in detail With reference to the draWings. Referring to the 
draWings, identical or corresponding parts are denoted by 
the same reference numerals, and redundant description is 
not repeated. 

First Embodiment 

Referring to FIG. 1, an MRAM device 1 according to a 
?rst embodiment of the present invention comprises a 
memory array 10 formed by a plurality of MT] memory cells 
MC arranged in roWs and columns, a dummy memory array 
10# formed by a plurality of dummy memory cells DMC, 
roW decoders 20 and 21 executing roW selection in the 
memory array 10 on the basis of a roW address RA, roW 
decoders 22 and 23 executing roW selection in the dummy 
memory array 10# on the basis of the roW address RA and 
a column decoder 25 executing column selection in the 
memory array 10 and the dummy memory array 10# on the 
basis of a column address CA. 

The structure and a data storage principle of each MTJ 
memory cell MC are noW described With reference to FIG. 
2. 

Referring to FIG. 2, a tunnel magnetic resistance element 
TMR includes a ferromagnetic layer (hereinafter also 
referred to simply as “?xed magnetiZation layer”) FL having 
a ?xed constant direction of magnetiZation and another 
ferromagnetic layer (hereinafter also referred to simply as 
“free magnetiZation layer) VL magnetiZable in a direction 
responsive to an externally applied magnetic ?eld. A tunnel 
barrier (tunnel ?lm) TB formed by an insulator ?lm is 
provided betWeen the ?xed magnetiZation layer FL and the 
free magnetiZation layer VL. The free magnetiZation layer 
VL is magnetiZed in the same or opposite direction as or to 
the ?xed magnetiZation layer FL in response to the level of 
Write data. The ?xed magnetic layer FL, the tunnel barrier 
TB and the free magnetiZation layer VL form a magnetic 
tunnel junction. 
The electric resistance of the tunnel magnetic resistance 

element TMR varies With the relation betWeen the directions 
of magnetiZation of the ?xed and free magnetiZation layers 
FL and VL. More speci?cally, the electric resistance of the 
tunnel magnetic resistance element TMR reaches the mini 
mum value Rmin When the directions of magnetiZation of 
the ?xed and free magnetiZation layers FL and VL are 
identical (parallel) to each other, and reaches the maximum 
value Rmax When the directions of magnetiZation thereof 
are opposite (antiparallel) to each other. 

In data Writing, a Word line RWL is activated and an 
access transistor ATR is turned off. In this state, a data Write 
current for magnetiZing the free magnetiZation layer VL is 
fed in a direction responsive to the level of the Write data in 
each of a bit line BL and a digit line DL. 

FIG. 3 shoWs the relation betWeen supply of the data Write 
current to the MT] memory cell MC and the directions of 
magnetiZation of the tunnel magnetic resistance element 
TMR. 

Referring to FIG. 3, the horiZontal axis shoWs a magnetic 
?eld H(EA) applied in the direction of an easy axis (EA) of 
magnetiZation in the free magnetiZation layer VL provided 
in the tunnel magnetic resistance element TMR. The hori 
Zontal axis shoWs a magnetic ?eld H(HA) acting in the 



US 6,791,876 B2 
5 

direction of a hard axis (HA) of magnetization in the free 
magnetization layer VL. The magnetic ?elds H(EA) and 
H(HA) correspond to tWo magnetic ?elds formed by the 
currents ?oWing through the bit line BL and the digit line DL 
respectively. 

In the MT] memory cell MC, the ?xed direction of 
magnetiZation of the ?xed magnetiZation layer FL is along 
the easy axis of magnetiZation of the free magnetiZation 
layer VL, Which in turn is magnetiZed in a parallel or 
antiparallel (opposite) manner to the ?xed magnetiZation 
layer FL along the easy axis of magnetiZation in response to 
the level of stored data. The MT] memory cell MC can store 
1-bit data in correspondence to the tWo directions of mag 
netiZation of the free magnetiZation layer VL. 

The direction of magnetiZation of the free magnetiZation 
layer VL can be neWly Written only When the sum of the 
applied magnetic ?elds H(EA) and H(HA) reaches any 
region outside the asteroid characteristic curves shoWn in 
FIG. 3. In other Words, the direction of magnetiZation of the 
free magnetiZation layer VL remains unchanged if the 
applied data Write magnetic ?eld has intensity corresponding 
to the region inside the asteroid characteristic curves. 

As shoWn by the asteroid characteristic curves, the mag 
netiZation threshold necessary for changing the direction of 
magnetiZation along the easy axis of magnetiZation can be 
reduced by applying the magnetic ?eld H(HA) along the 
hard axis of magnetiZation to the free magnetiZation layer 
VL. As shoWn in FIG. 3, operating points in data Writing are 
so designed that the data stored in the MT] memory cell MC, 
i.e., the direction of magnetiZation of the tunnel magnetic 
resistance element TMR is reWritable When prescribed data 
Write currents are fed to both of the digit line DL and the bit 
line BL. 

With the operating points illustrated in FIG. 3, the data 
Write magnetic ?eld H(EA) along the easy axis of magne 
tiZation is so designed that the intensity thereof reaches a 
level HWR in the MT] memory cell MC in Which the data is 
Written. In other Words, the value of the data Write current 
fed to the bit line BL or the digit line DL is so designed as 
to obtain the data Write magnetic ?eld HWR. In general, the 
data Write magnetic ?eld HWR is expressed as the sum of a 
sWitching magnetic ?eld HSW necessary for sWitching the 
direction of magnetiZation and a margin AH as folloWs: 

The direction of magnetiZation once Written in the tunnel 
magnetic resistance element TMR, i.e., the data stored in the 
MT] memory cell MC is held in a nonvolatile manner until 
neW data Writing is executed. While the electric resistance of 
each memory cell MC is expressed in the sum of the 
ON-state resistance values of the tunnel magnetic resistance 
element TMR and the access transistor ATR and other 
parasitic resistance in a strict sense, resistance components 
other than that of the tunnel magnetic resistance element 
TMR remain constant regardless of the stored data and 
hence it is assumed that Rmax and Rmin also represent tWo 
types of electric resistance values of normal memory cells 
responsive to stored data respectively and AR represents the 
difference therebetWeen as folloWs: 

AR=Rmax-Rmin 

Each of the dummy memory cells DMC arranged on the 
dummy memory array 10# shoWn in FIG. 1 is ?xedly set to 
an intermediate electric resistance value of the previously 
Written electric resistance values Rmax and Rmin. 
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6 
Referring again to FIG. 1, a complementary pair of bit 

lines BLP are arranged in correspondence to each pair of 
adjacent memory cell columns in the memory array 10, for 
example. Read Word lines RWL1 to RWL2n are arranged in 
correspondence to the memory cell roWs respectively. 
Further, digit lines DL1 to DLn are provided in correspon 
dence to the adjacent pairs of memory cell roWs, to be shared 
by the adjacent pairs of memory cell roWs respectively. 
More speci?cally, FIG. 1 shoWs a pair of bit lines BLPl 

formed by complementary bit lines BL1 and /BL1 and 
another pair of bit lines BLP2 formed by complementary bit 
lines BL2 and /BL2, for example. Further, odd read Word 
lines RWL1, RWL3, . . . , RWL2n-1 are arranged in 

correspondence to memory cell roWs formed by the memory 
cells MC corresponding to the complementary bit lines 
/BL1, BL2 . . . respectively. On the other hand, it is assumed 

that even read Word lines RWL2, RWL4, . . . , RWL2n are 

arranged in correspondence to memory cell roWs formed by 
the memory cells MC corresponding to the bit lines BL1, 
BL2, respectively. The digit line DL1 is shared by the 
adjacent pair of memory cell roWs corresponding to the read 
Word lines RWL1 and RWL2. In other Words, the adjacent 
pairs of memory cell roWs share the digit lines DL, so that 
the number of the digit lines DL can be reduced. Thus, a 
Wiring pitch for digit line drivers described later can be 
suf?ciently ensured for improving the yield. 
The dummy memory array 10# includes a plurality of 

dummy memory cells DMC arranged one by one to share the 
memory cell columns of the memory array 10. The dummy 
memory array 10# further includes a read Word line RWLd2 
provided in correspondence to dummy memory cell columns 
formed by the dummy memory cells DMC corresponding to 
the bit lines BL1, BL2, . . . and a read Word line RWLd1 

provided in correspondence to dummy memory roWs formed 
by the dummy memory cells DMC corresponding to the 
complementary bit lines /BL1, /BL2, . . . . The dummy 

memory array 10# further includes a digit line DLd provided 
in common to the dummy memory cells DMC correspond 
ing to the read Word lines RWLd1 and RWLd2 respectively. 

According to this structure, the dummy memory cells 
DMC are arranged to share the memory cell columns, 
thereby sharing the bit lines BL With the normal memory 
cells MC and alloWing an ef?cient layout of the dummy 
memory cells DMC. 
The read Word lines RWL1 to RWL2n, RWLd1 and 

RWLd2, the digit lines DL1 to DLn and DLd and the pairs 
of bit lines BLPl, BLP2, . . . are hereinafter also generically 

referred to as read Word lines RWL, digit lines DL and pairs 
of bit lines BLP respectively. Further, binary high- and 
loW-voltage states (for example, a poWer supply voltage Vcc 
and a ground voltage GND) of signals, signal lines and data 
are also referred to as high and loW levels respectively. It is 
assumed that symbol “/” denotes inversion, negation, 
complementariness or the like. 

Each of the MT] memory cells MC and the dummy 
memory cells DMC has the tunnel magnetic resistance 
element TMR and the access transistor ATR serially con 
nected betWeen the corresponding bit line BL and the ground 
voltage GND. The gate of the access transistor ATR is 
connected With the corresponding read Word line RWL. The 
source of the access transistor ATR is supplied With the 
ground voltage GND. The tunnel magnetic resistance ele 
ment TMR is magnetiZed in a direction responsive to stored 
data, to have either electric resistance Rmax or Rmin. 

While the electric resistance of each MTJ memory cell 
MC is expressed in the sum of the resistance of tunnel 
magnetic resistance element TMR and the ON-state value of 
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the access transistor ATR and other parasitic resistance in a 
strict sense, the resistance components other than that of the 
tunnel magnetic resistance element TMR remain constant 
regardless of the stored data and hence it is assumed that 
RmaX and Rmin also represent tWo types of electric resis 
tance values of each normal memory cell MC and AR 
represents the difference therebetWeen as folloWs: 

AR=RmaX-Rmin 

The peripheral structures of the memory array 10 and the 
dummy memory array 10# are noW described. 

In data Writing, the roW decoders 20 and 22 activate the 
digit line DL for the selected roW to a high level While 
setting the digit lines DL corresponding to the non-selected 
roWs loW. Consequently, the digit line DL activated high on 
one end is supplied With a data Write current in a prescribed 
direction by the ground voltage GND connected to the other 
end. It is assumed that the roW decoders 20 and 22 include 
digit line drivers (also referred to as DL drivers: not shoWn). 

The roW decoders 21 and 23 activate the read Word line 
RWL for the selected roW to a high level and inactivate the 
read Word lines RWL for the non-selected roWs to a loW 
level in data reading on the basis of the roW address RA. It 
is assumed that the roW decoders 21 and 23 include Word 
line drivers (also referred to as RWL drivers: not shoWn). In 
data Writing, the read Word lines RWL are inactivated loW. 

Thus, the digit line drivers and the Word line drivers are 
arranged on opposite areas through the memory array 10 and 
the dummy memory array 10#, so that a Wiring pitch for the 
drivers can be sufficiently ensured for improving the yield. 

The MRAM device 1 according to the ?rst embodiment of 
the present invention is further provided With a plurality of 
pairs of data buses in a region adjacent to the memory array 
10 and the dummy memory array 10#. For example, a 
structure capable of reading 2-bit data in parallel With each 
other is described With reference to the ?rst embodiment. 
More speci?cally, the MRAM device 1 includes a pair of 
data buses LIOP1 provided in correspondence to the odd 
pairs of bit lines BLP and a pair of data buses LIOP2 
provided in correspondence to the even pairs of bit lines 
BLP. The pairs of data buses LIOP1 and LIOP2 include 
complementary data buses LIO1 and /LIO1 and comple 
mentary data buses LIO2 and /LIO2 respectively. 

The pairs of data buses LIOP and the pairs of bit lines BLP 
are arranged to intersect With each other. Thus, the layout of 
circuit Zones connected to the pairs of bit lines BLP and the 
pairs of data buses LIOP can be simpli?ed. The pairs of data 
buses LIOP and the pairs of bit lines BLP are desirably 
orthogonally arranged to each other. 

The MRAM device 1 further comprises column selection 
gates CSG1 to CSG4 provided in correspondence to the 
memory cell columns, i.e., the bit lines BL1, /BL1, BL2 and 
[BL2 respectively. The column selection gates CSG1 to 
CSG4 are hereinafter also generically referred to as column 
selection gates CSG. 

Each bit line BL is connected With a prescribed one of the 
pair of data buses LIOP1 and LIOP2 through the corre 
sponding column selection gate CSG. For example, the bit 
line BL1 is connected to the data bus LIO1 through the 
column selection gate CSG1, and the bit line [BL1 is 
connected to the data bus /LIO1 through the column selec 
tion gate CSG2. 

The MRAM device 1 further comprises a column selec 
tion line provided in correspondence to the plurality of bit 
lines BL. FIG. 1 shoWs a column selection line CSL1 
provided in correspondence to the four column selection 
gates CSG1 to CSG4. This column selection line CSL1 is 
hereinafter also generically referred to as a column selection 
line CSL. 
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The MRAM device 1 further comprises an AND circuit 

AD provided in correspondence to the column selection line 
CSL for receiving a result of decoding of the column 
selection line CSL and an inverted level of a selection line 
WE activated in Writing and outputting a result of an AND 
logical operation to the corresponding column selection gate 
CSL. FIG. 1 shoWs an AND circuit AD1 corresponding to 
the column selection line CSL1. The AND circuit AD1 is 
also referred to as the AND circuit AD. The AND circuit AD 
outputs a high level to the corresponding column selection 
gate CSG on the basis of the result (high level) of decoding 
of the corresponding column selection line CSL and a loW 
level of the selection line WE. In other Words, the AND 
circuit AD activates the column selection gate CSG in 
response to the loW level of the selection line SE and 
activation of the corresponding column selection line CSL in 
data reading. 
The column decoder 25 activates one of the column 

selection line CSL corresponding to a result of column 
selection to a selected state (high level) in response to a 
result of decoding of the column address CA, i.e., the result 
of column selection. 
The MRAM device 1 according to the ?rst embodiment of 

the present invention further comprises a plurality of Write 
data lines arranged on regions adjacent to the memory array 
10 and the dummy memory array 10# for transmitting Write 
data, a plurality of bit line drivers supplying a data Write 
current responsive to the Write data to the bit lines BL and 
a plurality of address lines transmitting a selection signal 
selecting the plurality of bit line drivers. 
More speci?cally, the MRAM device 1 comprises Write 

data lines WD1 and /W D1 provided in correspondence to the 
odd pairs of bit lines BLP and Write data lines WD2 and 
/W D2 provided in correspondence to even pairs of bit lines 
BLP. The Write data lines WD1 and /W D1 and the Write data 
lines WD2 and /WD2 are arranged on opposite regions 
through the memory array 10 and the dummy memory array 
10#. 

Bit line drivers BDVa1 to BDVa4 and BDVb1 to BDVb4 
are provided in correspondence to both ends of the bit lines 
BL1, /BL1, BL2 and /BL2 respectively. 
The MRAM device 1 is further provided With an address 

line RA1 transmitting selection signals for the bit line 
drivers corresponding to the odd pairs of bit lines BLP and 
an address line RA2 transmitting selection signals for the 
corresponding bit line drivers corresponding to the even 
pairs of bit lines. More speci?cally, the address line RA1 is 
provided in correspondence to the bit line drivers BDVa1, 
BDVa2, BDVb1 and BDVb2 corresponding to the odd pair 
of bit lines BLP1. The address line RA2 is provided in 
correspondence to the bit line drivers BDVa3, BDVa4, 
BDVb3 and BDVb4 corresponding to the even pair of bit 
lines BLP2. The address lines RA1 and RA2 transmit 
selection signals according to partial bits of the roW address 
RA. 
More speci?cally, the bit line drivers BDVa1 and BDVb1 

corresponding to the odd bit line BL1 are selected When the 
address line RA1 is activated high in data Writing. When the 
address line RA1 is loW, the bit line drivers BDVa2 and 
BDVb2 corresponding to the odd complementary bit line 
[BL1 are selected. When the address line RA2 is activated 
high, the bit line drivers BDVa3 and BDVb3 corresponding 
to the even bit line BL2 are selected. When the address line 
RA2 is loW, the bit line drivers BDVa4 and BDVb4 corre 
sponding to the even complementary bit line [BL2 are 
selected. 

Referring to FIG. 4 shoWing the circuit structure of the bit 
line drivers BDVa1 and BDVb1, the bit line driver BDVa1 
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has a bit line driver transistor 51 connected betWeen the 
power supply voltage Vcc and an end (closer to the column 
decoder 25) of the bit line BL1, another bit line driver 
transistor 52 connected betWeen the end of the bit line BL1 
and the ground voltage GND and logic gates 53 and 55 for 
controlling the gate voltages of the bit line driver transistors 
51 and 52 respectively. 

The logic gate 53 outputs a result of an AND logical 
operation betWeen four voltage levels of the Write data line 
WD1, the selection line WE activated high in data Writing, 
the address line RA1 and the column selection line CSL1 to 
the gate of the bit line driver transistor 51. The logic gate 55 
outputs a result of an AND logical operation betWeen four 
voltage levels of the inverted level of the Write data line 
WD1, the selection line WE, the address line RA1 and the 
column selection line CSL1 to the gate of the bit line driver 
transistor 52. 

The bit line driver BDVb1 has a bit line driver transistor 
61 connected betWeen the poWer supply voltage Vcc and the 
other end (opposite to the column decoder 25) of the bit line 
BL1, another bit line driver transistor 62 connected betWeen 
this end of the bit line BL1 and the ground voltage GND and 
logic gates 63 and 65 for controlling the gate voltages of the 
bit line driver transistors 61 and 62 respectively. 

The logic gate 63 outputs a result of an AND logical 
operation betWeen four voltage levels of the Write data line 
/W D1, the selection line WE, the address line RA1 and the 
column selection line CSL1 to the gate of the bit line driver 
transistor 61. The logic gate 65 outputs a result of an AND 
logical operation betWeen four voltage levels of an inverted 
signal on the Write data line /W D1, the selection line WE, the 
address line RA1 and the column selection line CSL1 to the 
gate of the bit line driver transistor 62. 

The bit line drivers BDVa1 and BDVa3 are similar in 
structure to each other, and the bit line drivers BDVa2 and 
BDVa4 are also similar in structure to each other. The bit line 
drivers BDVa2 and BDVb2 are different from the bit line 
drivers BDVa1 and BDVa2 in the point that the same receive 
the inverted signal on the address line RA1 While the 
remaining structures of the former are similar to those of the 
latter. Therefore, redundant description is not repeated. The 
bit line drivers BDVa1 to BDVa4 and BDVb1 to BDVb4 are 
hereinafter also generically referred to as bit line drivers 
BDVa and BDVb. 

The MRAM device 1 further comprises a data input 
circuit 80. The data input circuit 80, including an input 
buffer function, drives the voltages of the Write data lines 
WD1, WD2, /W D1 and /W D2 in response to externally 
received input data DIN. 

In order to Write data With respect to the odd pair of bit 
lines BLP1 among the bit lines BL corresponding to the 
column selection line CSL, the data input circuit 80 drives 
the voltages of the Write data lines WD1 and /W D1. In order 
to Write data With respect to the even pair of bit lines BLP2 
among the bit lines BL corresponding to the column selec 
tion line CSL, the data input circuit 80 drives the voltages of 
the Write data lines WD2 and /W D2. 

In order to Write high-level data (“1”) With respect to the 
bit line BL1 corresponding to the column selection line 
CSL1, for eXample, the data input circuit 80 drives the Write 
data lines WD1 and /W D1 high (the poWer supply voltage 
Vcc) and loW (the ground voltage GND) respectively. In 
order to Write loW-level data (“0”) With respect to the bit line 
BL1 corresponding to the column selection line CSL1, the 
data input circuit 80 drives the Write data lines WD1 and 
/W D 1 loW and high respectively. 

In order to Write high-level data (“1”) With respect to the 
bit line [BL1 corresponding to the column selection line 
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CSL1, the data input circuit 80 drives the Write data lines 
WD1 and /WD1 loW and high respectively. In order to Write 
loW-level data (“0”) With respect to the bit line /BL1 
corresponding to the column selection line CSL1, the data 
input circuit 80 drives the Write data lines WD1 and /WD1 
high and loW respectively. 

In order to Write high-level data (“1”) With respect to the 
bit line BL2 corresponding to the column selection line 
CSL1, the data input circuit 80 drives the Write data lines 
WD2 and /WD2 high (the poWer supply voltage Vcc) and 
loW (the ground voltage GND) respectively. In order to Write 
loW-level data (“0”) With respect to the bit line BL2 corre 
sponding to the column selection line CSL1, the data input 
circuit 80 drives the Write data lines WD2 and /W D2 loW and 
high respectively. 

In order to Write high-level data (“1”) With respect to the 
bit line /BL2 corresponding to the column selection line 
CSL1, the data input circuit 80 drives the Write data lines 
WD2 and /WD2 loW and high respectively. In order to Write 
loW-level data (“0”) With respect to the bit line /BL2 
corresponding to the column selection line CSL1, the data 
input circuit 80 drives the Write data lines WD2 and /WD2 
high and loW respectively. 

Thus, When high-level data is Written With respect to the 
bit line BL1 (DIN=“1”), for eXample, a data Write current 
+IW is fed to the bit line BL1 for the selected column from 
the bit line driver BDVa toWard the bit line driver BDVb. 
When loW-level data is Written BL1 (DIN=“0”), a data Write 
current —IW is fed to the bit line BL1 for the selected column 
oppositely to the above, i.e., from the bit line driver BDVb 
toWard the bit line driver BDVa. 
When high-level data is Written With respect to the bit line 

[BL1 (DIN=“1”), the data Write current —IW is fed to the bit 
line [BL1 for the selected column from the bit line driver 
BDVb toWard the bit line driver BDVa. When loW-level data 
is Written (DIN=“0”), the data Write current —IW is fed to the 
bit line [BL1 for the selected column oppositely to the 
above, i.e., from the bit line driver BDVa toWard the bit line 
driver BDVb. If data Write currents are fed to the comple 
mentary bit lines BL and IBL in the same direction for 
Writing data of the same level, the level of data from a sense 
ampli?er generated on the basis of a pair of complementary 
data buses is inverted When data is read from one of the bit 
lines BL and /BL. According to the aforementioned system, 
therefore, data Write currents are supplied to the comple 
mentary bit lines BL and [BL in different directions for 
Writing data of the same levels, so that the sense ampli?er 
can output a proper data level With no correction. 
A data Write current ?oWing through each digit line DL 

generates a magnetic ?eld along the hard aXis of magneti 
Zation in each MTJ memory cell MC. A data Write current 
?oWing through each bit line BL in a direction responsive to 
Write data generates a magnetic ?eld along the easy aXis of 
magnetiZation in each MTJ memory cell MC. Data respon 
sive to the direction of the data Write current ?oWing through 
the bit line BL is magnetically Written in the memory cell 
MC connected With the digit line DL and the bit line BL fed 
With the data Write currents. 

The MRAM device 1 further comprises sense ampli?ers 
SA provided in correspondence to the pairs of data buses 
LIOP and a data output circuit 75. FIG. 1 shoWs sense 
ampli?ers SA1 and SA2 provided in correspondence to the 
pairs of data buses LIOP1 and LIOP2 respectively. 

Referring to FIG. 5, the sense ampli?er SA1 has an 
N-channel MOS transistor 71 connected betWeen a node No 
and the data bus LIO1, another N-channel MOS transistor 
71r connected betWeen a node /No and the data bus /LIO1, 
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a P-channel MOS transistor 72 connected between a node 
Nsp and the node No, another P-channel MOS transistor 72r 
connected betWeen the nodes Nsp and /No and still another 
P-channel MOS transistor 73 connected betWeen the poWer 
supply voltage Vcc and the node Nsp. The sense ampli?er 
SA1 can alternatively have a poWer supply voltage inde 
pendent of the poWer supply voltage Vcc. 

The gates of the transistors 72 and 72r are connected to 
the node No. The transistors 72 and 72r form a current 
mirror circuit, for supplying the same current to the nodes 
No and /No. 

The sense ampli?er SA1 further has a reference voltage 
generation circuit 76 generating a constant reference voltage 
Vref. 

The prescribed reference voltage Vref is input in the gates 
of the transistors 71 and 71r. The reference voltage Vref is 
set to about 400 mV, for example, in consideration of 
reliability of a tunnel ?lm (insulator ?lm) in the tunnel 
magnetic resistance element TMR. Thus, operational reli 
ability can be improved by avoiding each memory cell MC 
from breakage resulting from application of an overvoltage. 

The transistors 71 and 71r maintain the data buses LIO1 
and /LIO1 at levels around the reference voltage Vref, While 
amplifying pass current difference betWeen the data buses 
LIO1 and /LIO1 and converting the same to voltage differ 
ence AVL betWeen the nodes No and /No. Consequently, the 
voltage difference AVL betWeen the nodes No and /No has 
polarity responsive to the data stored in the selected memory 
cell MC. Thus, read data RDT can be generated on the basis 
of the voltages of the nodes No and /No. 
Asense enable signal /SE activated loW in data reading is 

input in the gate of the transistor 73. The transistor 73 
supplies an operating current in response to activation (loW 
level) of the sense enable signal /SE for operating the sense 
ampli?er SA1. 

In the data read operation, the read Word line RWL for the 
selected roW and the column selection line CSL correspond 
ing to the selected column are activated. Thus, the corre 
sponding column selection gate CSG is turned on. 
Consequently, a read current path is formed through the 
sense ampli?er SA1, the selected data bus LIO1 or /LIO1, 
the column selection gate CSG, the selected bit line BL, the 
tunnel magnetic resistance element TMR, the access tran 
sistor ATR and the ground voltage GND, for feeding a read 
current Is responsive to the electric resistance, i.e., the data 
stored in the selected memory cell MC. 

Further, the read Word line RWLd1 or RWLd2 is activated 
in the dummy memory array 10# at similar timing. 
Consequently, a read current path is formed betWeen the 
complementary data lines connected With the sense ampli?er 
SA1, the complementary bit lines and the dummy memory 
cell DMC, for feeding a reference current Iref responsive to 
the electric resistance (intermediate resistance) of the 
dummy memory cell DMC. 

According to this structure, the read current Is, corre 
sponding to a memory cell current Icell passing through the 
selected memory cell MC, is so designed as to reach values 
Is(RmaX) and Is(Rmin) When the electric resistance of the 
selected memory cell MC is at the values RmaX and Rmin 
respectively. The aforementioned reference current Iref is 
designed to reach the intermediate value betWeen the afore 
mentioned values Is(RmaX) and Is(Rmin). The roW decoder 
21 activates the selected read Word line RWL in response to 
entry of the roW address RA. Thus, the access transistor AT R 
is turned on for electrically connecting the selected bit line 
BL1 or [BL1 and the selected memory cell MC With each 
other. The roW decoder 23 activates either read Word line 
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RWLd1 or RWLd2 in the dummy memory array 10# in 
response to entry of the roW address RA. Thus, the access 
transistor ATR is turned on for electrically connecting the bit 
line [BL1 or BL1 complementary to the selected bit line BL1 
or /BL1 and the dummy memory cell DMC With each other. 
The roW decoders 21 and 23, the read Word lines RWL and 
the access transistors ATR form an address selection part 
connecting/controlling a memory cell MC of a prescribed 
address etc. 
The data output circuit 75, including an output buffer 

function, outputs the read data RDT formed by the sense 
ampli?er SA as output data DOUT. 
The data Write operation in the aforementioned MRAM 

device 1 is described With reference to FIG. 6. The MRAM 
device 1 Writes data “1” in the selected memory cell MC 
corresponding to the bit line BL1 and the digit line DL1 
corresponding to the column selection line CSL1, for 
eXample. 

Referring to FIG. 6, the digit line DL1 for the selected roW 
and the column selection line CSL1 for the selected column 
are activated at a time t00 for data Writing. The data input 
circuit 80 generates high-level Write data. The selection line 
WE and the address line RA1 go high at similar timing (not 
shoWn). 
At a time t10, the bit line drivers BDVa1 and BDVb1 are 

selected in response to the high-level address line RA1. The 
bit line drivers BDVa1 and BDVb1 supply the data Write 
current +IW in a direction responsive to the high-level Write 
data to the bit line BL1 for the selected column in response 
to the high-level Write data. A data Write current Ip is 
supplied to the digit line DL1 for the selected roW. 
Consequently, the data “1” is Written in the selected memory 
cell MC located on the intersection between the digit line 
DL1 for the selected roW and the bit line BL1 for the selected 
column. 
According to the ?rst embodiment of the present 

invention, the number of the bit line drivers connected to the 
Write data lines can be reduced by associating each even pair 
of bit lines and each odd pair of bit lines With tWo Write data 
lines respectively, for eXample. While only a selected bit line 
driver is driven in data Writing, the remaining non-selected 
bit line drivers are also electrically connected With the Write 
data lines. The aforementioned bit line drivers form logic 
circuits etc. With a plurality of transistor groups, and have 
parasitic capacitance to some eXtent also in a non-selected 
state. Thus, parasitic capacitance of the non-selected bit line 
drivers is applied to the Write data lines. According to the 
structure of the ?rst embodiment, the number of the non 
selected bit line drivers connected to a single Write data line 
is so reduced in data Writing that the applied parasitic 
capacitance can be suppressed for propagating Write data to 
the Write data line at a high speed. 

Referring to the Waveforms shoWn in FIG. 6, the period 
(t00—t10) for propagating the Write data can be reduced due 
to the structure of the ?rst embodiment. Therefore, data 
Writing can be eXecuted at a high speed by reducing the 
propagation period for the Write data or the like. 

The data read operation of the MRAM device 1 according 
to the ?rst embodiment is described With reference to FIG. 
7. Data are read from tWo selected memory cells MC 
corresponding to the bit lines BLI and BL2 and the read 
Word line RWL2 corresponding to the column selection line 
CSL1, i.e., 2-bit data are read in parallel, for eXample. First, 
only data reading With reference to the bit line BL1 is 
described. It is assumed that the selection line WE is set loW 
in data reading. 

Referring to FIG. 7, the read Word line RWL2 correspond 
ing to the selected roW and the column selection line CSL1 
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for the selected column are activated substantially at a time 
t0 for activating the sense enable signal /SE. The bit line 
BL1 for the selected column is pulled doWn to the ground 
voltage GND through the selected memory cell MC. The bit 
line BL1 is further electrically coupled With the data bus 
LIO1 in response to activation of the column selection gate 
CSGl. The sense ampli?er SA1 pulls up the data buses LIO1 
and /LIO1 to the level of the reference voltage Vref in 
response to activation of the sense enable signal /SE, and 
maintains this voltage level. 
At similar timing, the read Word line RWLdl correspond 

ing to the dummy memory cell DMC corresponding to the 
bit line /BL1 complementary to the bit line BL1 for the 
selected column is activated (not shoWn). Thus, the comple 
mentary bit line /BL1 is pulled doWn to the ground voltage 
GND through the dummy memory cell DMC. The bit line 
[BL is further electrically coupled With the data bus /LIO1 
in response to activation of the column selection gate CSG2. 

Thus, the read current Is responsive to the data stored in 
the selected memory cell MC ?oWs through the read current 
path including the bit line BL1 for the selected column. The 
reference current Iref responsive to the dummy memory cell 
DMC starts to How through the bit line /BL1 and the data bus 
/LIO1. 

The sense ampli?er SA starts to amplify the voltage 
difference AVL based on the pass current difference at a time 
t1 When the bit lines BL1 and /BL1 and the data buses LIO1 
and /LIO1 are charged to voltage levels alloWing detection 
of the pass current difference. 
At a time t2 When the voltage difference AVL suf?ciently 

takes place, the sense ampli?er SA1 outputs the read data 
RDT responsive to the data stored in the selected memory 
cell MC. 

Data reading is executed also as to the bit line BL2 
according to a system and timing similar to those for the bit 
line BL1. More speci?cally, the bit line BL2 is pulled doWn 
to the ground voltage GND through the selected memory 
cell MC in response to activation of the read Word line 
RWL2. The bit line BL2 is further electrically coupled With 
the data bus LIO2 through the column selection gate CSG3. 
The complementary bit line /BL2 is electrically coupled 
With the dummy memory cell DMC connected to the ground 
voltage GND in response to activation of the read Word line 
RWLd1. The bit line /BL2 is further electrically coupled 
With the data bus /LIO2 through the column selection gate 
CGS4. Thus, current paths are formed betWeen the sense 
ampli?er SA2 and the selected memory cell MC and the 
dummy memory cell DMC through the data buses LIO and 
the bit lines BL, so that the sense ampli?er SA2 outputs the 
read data RDT responsive to the data stored in the selected 
memory cell MC. 

According to the structure of the ?rst embodiment of the 
present invention, the number of the columns selection gates 
CSG connected to the data buses LIO can be reduced by 
associating each even pair of bit lines and each odd pair of 
bit lines With tWo pairs of data buses LIOP respectively, for 
example. While the bit line BL corresponding to the acti 
vated column selection line CSL and the data bus LIO are 
electrically coupled With each other to form a current path in 
data reading, the column selection gates CSG corresponding 
to the remaining non-selected column selection lines CSL 
are also electrically coupled With the data buses LIO. 
Therefore, parasitic capacitance of the non-selected column 
selection gates CSG is applied to the data buses LIO. 

According to the structure of the ?rst embodiment, the 
number of the non-selected column selection gates CSG 
connected to a single data bus LIO is so reduced in data 
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reading that the parasitic capacitance applied to the data bus 
LIO can be suppressed for reducing the time for charging the 
data bus LIO to a prescribed level in data reading. 

Referring to the Waveforms shoWn in FIG. 7, the period 
(t0—t1) for charging the data bus LIO to the prescribed 
voltage level can be reduced. Thus, data reading can be 
executed at a high speed. 
When the column selection line CSL is provided in 

correspondence to a plurality of pairs of bit lines BLP for 
reading a plurality of bits of data in parallel With each other 
as in the ?rst embodiment, the data reading speed can be 
further increased. 

According to the structure of the ?rst embodiment, the 
number of the column selection lines CSL can be reduced, 
the Wiring pitch for the column selection lines CSL can be 
suf?ciently ensured, and the yield can be improved. Further, 
the parasitic capacitance of the column selection lines CSL 
can be reduced due to the suf?ciently ensured Wiring pitch. 

According to the ?rst embodiment, data reading is 
executed through the complementary pair of bit lines BLP 
and the complementary pair of data buses LIOP, Whereby 
noise applied to the complementary bit lines BL and the 
complementary data buses LIO can be cancelled for execut 
ing precise data reading. 
While tWo pairs of bit lines are employed as a single 

group for reading 2-bit data in parallel With tWo pairs of data 
buses in the aforementioned structure, the present invention 
is not restricted to this but a plurality of bits of data 
exceeding tWo bits can also be read by employing a plurality 
of pairs of bit lines as a single group and providing pairs of 
data buses in correspondence thereto. 

While tWo pairs of bit lines are employed as a single 
group for independently Writing data through tWo Write data 
lines in this embodiment, the present invention is not 
restricted to this but a plurality of pairs of bit lines may 
alternatively be employed as a single group for providing 
Write data lines responsive thereto and independently Writ 
ing data. 

While tWo pairs of bit lines BLP are employed as a single 
group for implementing data reading and data Writing in this 
embodiment, the number of the bit lines BL forming each 
group may alternatively be varied With data reading and data 
Writing. More speci?cally, four pairs of bit lines BLP may be 
employed as a single group in data reading for reading 4-bit 
data in parallel With each other While employing tWo pairs 
of bit lines BLP as a single group in data Writing. When the 
number of the pairs of bit lines BLP forming each group is 
varied With data reading and data Writing, ef?cient data 
reading can be implemented in consideration of poWer 
consumption by reading a plurality of bits of data as to data 
reading requiring small poWer consumption, for example. 

According to the ?rst embodiment, the sense ampli?er SA 
reads the stored data through the dummy memory cell DMC 
comparative With the selected memory cell MC. 
Alternatively, a reference current generation circuit regu 
larly generating the reference current Iref may be provided 
Without employing dummy memory cells DMC for selec 
tively supplying the reference current Iref to the data bus 
/LIO or LIO paired With the data bus LIO or /LIO connected 
to the selected memory cell MC thereby executing data 
reading similarly to the above. 

Modi?cation of First Embodiment 
The ?rst embodiment has been described With reference 

to the structure of the MRAM device 1 including the dummy 
memory array 10# having the dummy memory cells DMC 
arranged to share the memory cell columns of the memory 
array 10. 
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A modi?cation of the ?rst embodiment is noW described 
With reference to the structure of an MRAM device 2 
including a dummy memory array 10a# having dummy 
memory cells arranged to share memory cell roWs of a 
memory array 10. 

Referring to FIG. 8, the MRAM device 2 according to the 
modi?cation of the ?rst embodiment of the present invention 
is different from the MRAM device 1 in a point that a 
memory array 10a substitutes for the memory array 10 With 
a dummy memory array 10a# having dummy cells arranged 
in roWs and columns to share memory cell roWs of the 
memory array 10a. Further, the MRAM device 2 has no roW 
decoders 22 and 23 but roW decoders 20 and 21 select roWs 
of the memory array 10a and the dummy memory array 
10a#. 

The memory array 10a has memory cells MC arranged in 
roWs and columns, While a plurality of bit lines BL are 
arranged in correspondence to the memory cell columns and 
a plurality of read Word lines RWL are arranged in corre 
spondence to the memory cell roWs. Aplurality of digit lines 
DL are provided in correspondence to adjacent pairs of 
memory cell roWs to be shared by the adjacent pairs of 
memory cell roWs. More speci?cally, FIG. 8 shoWs bit lines 
BL1 and BL2 provided in correspondence to the memory 
cell columns and read Word lines RWL1 to RWL2n provided 
in correspondence to the memory cell roWs. FIG. 8 also 
shoWs digit lines DL1 to DLn shared by adjacent pairs of 
memory cell roWs. 

The dummy memory array 10a# has a plurality of dummy 
memory cells sharing the memory cell roWs. Aplurality of 
dummy bit lines BLd are provided in correspondence to the 
dummy memory cell columns. FIG. 8 shows dummy bit 
lines BLd1 and BLd2 provided in correspondence to the 
dummy memory cell columns. 

According to this structure, the dummy memory cells are 
arranged to share the memory cell roWs, Whereby Word lines 
can be shared With the normal memory cells MC for 
alloWing an ef?cient layout of the dummy memory cells. 

The peripheral regions of the memory array 10a and the 
dummy memory array 10a# are noW described. 

The peripheral regions of the MRAM device 2 according 
to the modi?cation of the ?rst embodiment of the present 
invention are substantially similar to those of the MRAM 
device 1, eXcept connectional relation betWeen circuits. 
More speci?cally, column selection lines CSL are pro 

vided in correspondence to adjacent tWo of bit lines in the 
structure of the modi?cation of the ?rst embodiment, for 
eXample. Referring to FIG. 8, a column selection line CSLl 
is arranged in correspondence to the bit lines BL1 and BL2. 
In the dummy memory array 10a#, a column selection line 
CSLd is arranged in correspondence to the dummy bit lines 
BLd1 and BLd2. 

Bit line drivers BDVa and BDVb are provided on both 
sides in correspondence to the memory cell columns. Refer 
ring to FIG. 8, bit line drivers BDVal and BDVbl are 
provided in correspondence to the bit line BL1 of the 
memory array 10a, and bit line drivers BDVa2 and BDVb2 
are provided in correspondence to the bit line BL2. The bit 
line drivers BDVal, BDVa2, BDVbl and BDVb2 are similar 
in structure to those illustrated With reference to FIG. 4, and 
hence redundant description is not repeated. 

Column selection gates CSG are provided in correspon 
dence to the memory cell columns, for electrically coupling 
the corresponding bit lines BL With corresponding data 
buses LIO. More speci?cally, a column selection gate CGSl 
corresponding to the odd column is electrically coupled With 
a data bus LIO1 in data reading in response to activation of 
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the column selection line CSLl. A column selection gate 
CGS2 corresponding to the even column is electrically 
coupled to a data bus LIO2 in data reading in response to 
activation of the column selection line CSL2. 

Further, column selection gates CSGdl and CSGd2 are 
provided in correspondence to the dummy bit lines BLd1 
and BLd2 for the dummy memory cell columns respectively. 
The column selection gate CSGdl electrically couples the 
dummy bit line BLd1 With a data bus /LIO1 in data reading 
in response to activation of the corresponding column selec 
tion line CSLd. The column selection gate CSGd2 electri 
cally couples the dummy bit line BLd2 With a data bus 
/LIO2 in data reading in response to activation of the 
corresponding column selection line CSLd. 
The MRAM device 2 has no address line RA2 but the bit 

line drivers corresponding to the same column selection 
lines CSL are electrically coupled to an address line RA1. 
Write data lines WD1 and /WD1 are arranged on both sides 
of the memory array 10a and the dummy memory array 
10a# as transmission lines for data Written With respect to 
the odd bit lines BL, and Write data lines WD2 and /W D2 are 
arranged on both sides of the memory array 10a and the 
dummy memory array 10a as transmission lines for data 
Written With respect to the even bit lines BL. Referring to 
FIG. 8, the bit line drivers BDVal and BDVbl and the Write 
data lines WD1 and /W D1 are electrically coupled With each 
other. The bit line drivers BDVa2 and BDVb2 and the Write 
data lines WD2 and/W D2 are electrically coupled With each 
other. 
Adata input circuit 80, a data output circuit 75, a selection 

line WE, an AND circuitAD, sense ampli?ers SA1 and SA2 
and a column decoder 25 are similar in structure to those of 
the MRAM device 1, and hence redundant description is not 
repeated. 

Data Writing and data reading in the MRAM device 2 
according to the modi?cation of the ?rst embodiment are 
noW described. 

First, data Writing in the MRAM device 2 according to the 
modi?cation of the ?rst embodiment is described. 

In order to Write high-level data (“1”) With respect to the 
selected bit line BL1 corresponding to the column selection 
line CSLl, for example, the data input circuit 80 drives the 
Write data lines WD1 and /W D1 high (poWer supply voltage 
Vcc) and loW (ground voltage GND) respectively. In order 
to Write loW-level data (“0”) With respect to the selected bit 
line BL1 corresponding to the column selection line CSLl, 
the data input circuit 80 drives the Write data lines WD1 and 
/W D 1 loW and high respectively. Thus, a data Write current 
+IW is fed to the bit line BL1 for the selected column from 
the bit line driver BDVa toWard the bit line driver BDVb 
When the high-level data is Written With respect to the bit line 
BL1 (DIN=“1”), for eXample. When the loW-level data is 
Written (DIN=“0”), a data Write current —IW is fed in the 
opposite direction, i.e., from the bit line driver BDVb toWard 
the bit line driver BDVa. 

In order to Write high-level data (“1”) With respect to the 
bit line BL2 corresponding to the column selection line 
CSLl, the data input circuit 80 drives the Write data lines 
WD2 and /WD2 high and loW respectively. In order to Write 
loW-level data (“0”), the data input circuit 80 drives the Write 
data lines WD2 and /WD2 loW and high respectively. 

Thus, the data Write current +IW is fed to the bit line BL2 
for the selected column from the bit line driver BDVa toWard 
the bit line driver BDVb When the high-level data is Written 
With respect to the bit line BL2 (DIN=“1”), for eXample. 
When the loW-level data is Written (DIN=“0”), the data Write 
current —IW is fed to the bit line BL2 for the selected column 
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in the opposite direction, i.e., from the bit line driver BDVb 
toward the bit line driver BDVa. 
A data Write current ?owing through each digit line DL 

generates a magnetic ?eld along the hard axis of magneti 
Zation in each MTJ memory cell MC. A data Write current 
?oWing through each bit line BL in a direction responsive to 
Write data generates a magnetic ?eld along the easy axis of 
magnetiZation in each MTJ memory cell MC. Data respon 
sive to the direction of the data Write current ?oWing through 
the bit line BL is magnetically Written in the memory cell 
MC connected With the digit line DL and the bit line DL fed 
With the data Write currents. 

The data reading in the MRAM device 2 according to the 
modi?cation of the ?rst embodiment of the present invention 
is noW described. 

For example, 2-bit data are read from tWo selected 
memory cells MC corresponding to the bit lines BL1 and 
BL2 and the read Word line RWL1 in parallel With each 
other. First, consider data reading With reference to only the 
bit line BL1. 

In the memory array 10a, the read Word line RWL1 for the 
selected roW and the column selection line CSL1 corre 
sponding to the selected column are activated. Thus, the 
corresponding column selection gate CSG1 is turned on. 
Consequently, a read current path is formed through the 
sense ampli?er SA1, the selected data bus LIO1, the column 
selection gate CSG1, the selected bit line BL1, a tunnel 
magnetic resistance element TMR, an access transistor ATR 
and the ground voltage GND, for feeding a read current Is 
responsive to the electric resistance (i.e., stored data) of the 
selected memory cell MC. 

Further, the column selection line CSLd is activated in the 
dummy memory array 10# at similar timing. Thus, the 
corresponding column selection gates CSGd1 and CSGd2 
are turned on. Consequently, a read current path is formed 
through the sense ampli?er SA1, the complementary 
selected data bus /LIO, the column selection gate CSGd1, 
the dummy bit line BLdl, a tunnel magnetic resistance 
element TMR of the dummy memory cell, an access tran 
sistor ATR and the ground voltage GND, for feeding a 
reference current Iref responsive to the electric resistance 
(i.e., an intermediate resistance value) of the dummy 
memory cell. 

The sense ampli?er SA1 converts the difference betWeen 
the read current Is and the reference current Iref to voltage 
difference and outputs read data RDT responsive to the 
stored data. The roW decoder 21 activates the selected read 
Word line RWL in response to entry of a roW address RA. 
Thus, the access transistor ATR is turned on for electrically 
connecting the selected bit line BL1 and the selected 
memory cell MC With each other. Further, the access tran 
sistor ATR of the dummy memory cell in the dummy 
memory array 10a# is turned on for electrically connecting 
the dummy bit line BLd1 and the dummy memory cell With 
each other. The roW decoder 21, the read Word lines RWL 
and the access transistors ATR form an address selection part 
executing connection control of memory cells MC of pre 
scribed addresses etc. 

Data reading is executed also as to the bit line BL2 
according to a system and timing similar to those for the bit 
line BL1. More speci?cally, the bit line BL2 is pulled doWn 
to the ground voltage GND through the selected memory 
cell MC in response to activation of the read Word line 
RWL1 for the selected roW. The bit line BL2 is further 
electrically coupled With the data bus LIO2 through the 
column selection gate CSG2. Thus, the aforementioned read 
current path is formed betWeen the sense ampli?er SA2 and 
the selected memory cell MC. 
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In the dummy memory array 10a#, the dummy bit line 

BLd2 is electrically coupled With the dummy memory cell 
connected to the ground voltage GND and electrically 
coupled With the data bus /LIO2 through the column selec 
tion gate CSGd2 in response to activation of the read Word 
line RWL1 for the selected roW, for forming the aforemen 
tioned read current path. 

Thus, the sense ampli?er SA2 outputs read data RDT 
responsive to the data stored in the selected memory cell MC 
corresponding to the bit line BL2. 

In data Writing and data reading in the MRAM device 2 
according to the modi?cation of the ?rst embodiment of the 
present invention, the column selection lines CSL, Write 
data, a sense ampli?er enable signal and the read Word lines 
RWL are driven similarly to those shoWn in FIGS. 6 and 7, 
and hence redundant description is not repeated. 

In the structure of the MRAM device 2 according to the 
modi?cation of the ?rst embodiment of the present 
invention, the number of bit line drivers connected to Write 
data lines can be reduced by dividing a plurality of Write data 
lines in correspondence to even and odd bit lines 
respectively, for example. As hereinabove described, para 
sitic capacitance applied to the Write data lines can be 
suppressed, Write data transmitted to the Write data lines can 
be propagated at a high speed and the data can be Written at 
a high speed by reducing the number of non-selected bit line 
drivers connected to each Write data line in data Writing. 

In the structure of the MRAM device 2 according to the 
modi?cation of the ?rst embodiment of the present 
invention, further, the number of column selection gates 
connected to data buses can be reduced by dividing a 
plurality of data buses in correspondence to even and odd bit 
lines respectively, for example. As hereinabove described, 
applied parasitic capacitance can be suppressed, the time for 
charging the data buses to a prescribed level in data reading 
can be reduced and the data can be read at a high speed by 
reducing the number of non-selected column selection gates 
connected to each data bus in data reading. 

In the structure of the MRAM device 2 according to the 
modi?cation of the ?rst embodiment of the present 
invention, in addition, an effect similar to that of the ?rst 
embodiment of the present invention can be attained. 

Referring to FIG. 8, the bit line drivers BDVa and BDVb 
are arranged also on both of the dummy bit lines BLd1 and 
BLd2 of the dummy memory array 10a# similarly to the 
memory array 10a in the structure of the MRAM device 2 
according to the modi?cation of the ?rst embodiment of the 
present invention. While the dummy memory array 10a# has 
a layout pattern structure similar to that of the memory array 
10a for improving the yield, the bit line drivers BDVa and 
BDVb may alternatively be omitted. 

Second Embodiment 
In the structure of the MRAM device 1 according to the 

aforementioned ?rst embodiment, the data Write current is 
fed to the bit line [BL oppositely to that fed to the bit line BL 
for executing data reading at the same data level so that data 
read through the bit line /BL is not inverted to that read 
through the bit line BL on the sense ampli?er SA. The data 
input circuit 80 executes this control by inverting Write data 
transmitted to the Write data line WD When Writing data With 
respect to the complementary bit line /BL. 
An MRAM device 1a according to a second embodiment 

of the present invention is described With reference to a case 
of Writing data With respect to a complementary bit line /BL 
Without inverting Write data in a data input circuit 80#. 

Referring to FIG. 9, the MRAM device la according to the 
second embodiment of the present invention is different 



US 6,791,876 B2 
19 

from the MRAM device 1 according to the ?rst embodiment 
in a point that bit line drivers BDVa#1, BDVa#2, BDVb#1, 
BDVb#2. substitute for the bit line drivers BDVal, BDVa2, 
BDVbl, BDVb2 . . . . The MRAM device la is different from 

the MRAM device 1 also in a point that the data input circuit 
80# substitutes for the data input circuit 80. The remaining 
points of the MRAM device la are similar to those of the 
MRAM device 1, and hence redundant description is not 
repeated. 

The bit line drivers BDVa#1 and BDVa#2 as Well as the 
bit line drivers BDVb#1 and BDVb#2 are similar in struc 
ture to each other, and hence the structures of the bit line 
drivers BDVa# 1 and BDVb# 1 are noW described. 

Referring to FIG. 10, the bit line driver BDVa#1 accord 
ing to the second embodiment of the present invention is 
different from the bit line driver BDVal described With 
reference to FIG. 4 in a point that the same is further 
provided With an exclusive NOR circuit 54. The exclusive 
NOR circuit 54 receives the data from an address line RA1 
and the Write data from a Write data line WDl and outputs 
a result of an exclusive NOR logical operation to logic gates 
53 and 55. 

Similarly, the bit line driver BDVb#1 is different from the 
bit line driver BDVbl described With reference to FIG. 4 in 
a point that the same is further provided With an exclusive 
NOR circuit 64. The exclusive NOR circuit 64 receives the 
data from the address line RA1 and the Write data from a 
Write data line [WDl and outputs a result of an exclusive 
NOR logical operation to logic gates 63 and 65. Connec 
tional relation betWeen the remaining circuits in the bit line 
drivers BDVa#1, BDVb#1 are similar to that in the bit line 
drivers BDVal, BDVbl, and hence redundant description is 
not repeated. 

Operations of the data input circuit 80# and the bit line 
drivers etc. in data Writing are noW described in detail. 

In order to Write high-level data (“1”) With respect to a 
selected bit line BL1 corresponding to a column selection 
line CSLl, for example, the data input circuit 80# drives the 
Write data lines WDl and [W D1 high (poWer supply voltage 
Vcc) and loW (ground voltage GND) respectively. In the bit 
line driver BDVa#1, therefore, the exclusive NOR circuit 54 
transmits the high-level Write data to the logic gates 53 and 
55 in response to the Write data line WDl and the address 
line RA1 (high). Thus, a bit line driver transistor 51 is turned 
on for electrically coupling the bit line BL1 With the poWer 
supply voltage Vcc. 

In the bit line driver BDVb#1, on the other hand, the 
exclusive NOR circuit 64 transmits loW-level Write data to 
the logic gates 63 and 65 in response to the Write data line 
[W D1 and the address line RA1 (loW). Thus, a bit line driver 
transistor 62 is turned on to electrically couple the bit line 
BL1 With the ground voltage GND. Therefore, a data Write 
current +IW is supplied from the bit line driver BDV#a 
toWard the bit line driver BDVb#. 

In order to Write loW-level data (“0”) With respect to the 
selected bit line BL1 corresponding to the column selection 
line CSLl, the data input circuit 80# drives the Write data 
lines WDl and [WDl loW and high respectively. In the bit 
line driver BDVa#1, therefore, the exclusive NOR circuit 54 
transmits the loW-level Write data to the logic gates 53 and 
55 in response to the Write data line WDl and the address 
line RA1 (loW). Thus, a bit line driver transistor 52 is turned 
on to electrically couple the bit line BL1 With the ground 
voltage GND. In the bit line driver BDVb#1, on the other 
hand, the exclusive NOR circuit 64 transmits high-level 
Write data to the logic gates 63 and 65 in response to the 
Write data line [W D1 and the address line RA1 (loW). Thus, 
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the bit line driver transistor 61 is turned on to electrically 
couple the bit line BL1 to the poWer supply voltage Vcc. 
Therefore, a data Write current —IW is supplied from the bit 
line driver BDVb# toWard the bit line driver BDVa#. 

In order to Write high-level data (“1”) With respect to the 
bit line [BL1 corresponding to the column selection line 
CSLl, the data input circuit 80# drives the Write data lines 
WDl and [WDl high and loW respectively. In the bit line 
driver BDV#2, therefore, the exclusive NOR circuit 54 
transmits the loW-level Write data to the logic gates 53 and 
55 in response to the Write data line WDl and the address 
line RA1 (loW). Thus, the bit line driver transistor 52 is 
turned on to electrically couple the bit line BL1 to the 
ground voltage GND. 

In the bit line driver BDVb#1, on the other hand, the 
exclusive NOR circuit 64 transmits high-level Write data to 
the logic gates 63 and 65 in response to the Write data line 
[WDl and the address line RA1 (loW). Thus, the bit line 
driver transistor 61 is turned on to electrically couple the bit 
line [BL1 With the poWer supply voltage Vcc. Therefore, the 
data Write current —IW is supplied from the bit line driver 
BDVb# toWard the bit line driver BDVa#. 

In order to Write loW-level data (“0”) With respect to the 
selected bit line [BL1 corresponding to the column selection 
line CSLl, the data input circuit 80# drives the Write data 
lines WDl and [WDl high and loW respectively. In the bit 
line driver BDVa#2, therefore, the exclusive NOR circuit 54 
transmits high-level Write data to the logic gates 53 and 55 
in response to the Write data line WDl and the address line 
RA1 (high). Thus, the bit line driver transistor 51 is turned 
on to electrically couple the bit line [BL1 to the poWer 
supply voltage Vcc. In the bit line driver BDVb#1, on the 
other hand, the exclusive NOR circuit 64 transmits the 
loW-level Write data to the logic gates 63 and 65 in response 
to the Write data line [WDl and the address line RA1 (high). 
Thus, the bit line driver transistor 62 is turned on to 
electrically couple the bit line [BL1 to the ground voltage 
GND. Therefore, the data Write current +IW is supplied from 
the bit line driver BDVa# toWard the bit line driver BDVb#. 

According to the second embodiment of the present 
invention, the data input circuit 80# employing the bit line 
drivers BDVa# and BDVb# may not invert the voltage level 
of the data Written With respect to the complementary bit line 
[BL from that in the bit line BL. In other Words, the voltage 
levels of the Write data are controlled in the bit line drivers 
BDVa# and BDVb#. 

According to this structure, the data input circuit 80# may 
not perform speci?c control for inverting Write data betWeen 
the complementary bit lines BL and [BL in data Writing, 
dissimilarly to the data input circuit 80 according to the ?rst 
embodiment. Therefore, the MRAM device la can be readily 
designed. 

Modi?cation of Second Embodiment 
The MRAM device la according to the aforementioned 

second embodiment controls the voltage levels of the Write 
data in the bit line drivers BDVa# and BDVb# thereby 
implementing data Writing in the complementary bit lines 
BL and [BL similarly to the ?rst embodiment. 
An MRAM device 1a# according to a modi?cation of the 

second embodiment of the present invention is described 
With reference to a structure of correcting read data output 
from a bit line [BL Without employing the bit line drivers 
BDVa# and BDVb# according to the aforementioned second 
embodiment and Without inverting Write data in a data input 
circuit 80. 

Referring to FIG. 11, the MRAM device 1a# according to 
the modi?cation of the second embodiment of the present 








